, Summary: Reference methods for lipids, lipoproteins, and apolipoproteins have been developed for use äs part of an accuracy base .for institutional, national, or international reference Systems. A widely accepted reference method exists only for total cholesterol. Well described Interim or institutional in-house reference methods have been established for the other lipids, lipoproteins, and apolipoproteins. The major criteria for a reference method are 1) scientific basis,
2) sound principles,
3) available calibration and control materials, 4) traceability to a definitive method or a point of reference, and 5) applicability to reference materials that provide traceability to clinical methods and transferability to other reference laboratories.
The total cholesterol reference method of the U. S. National Reference System demonstrates how a reference method can be developed and applied. Reference methods now available can lead to an accepted international accuracy base for the clinically useful lipid, lipoprotein, and apolipoprotein measurements.
n ro uc on a reference method and reference material play a Reference methods are esseiitial coinponents of the significant role in tränsferring the accuracy base of a accuracy base of any established reference System for definitive method to the clinical laboratory. Reference lipids, lipoproteins, and apolipoproteins. A stable ac-methods afe considered acceptable when they possess curacy base depends upon availability, of a stable x ^ . . . . reference method and reference materials. Together, *> known ™mmum bias versus a definitive method,
2) known sound scientific basis, Directions for the reference method should be written so clearly that the reference method caii be transferred to other laboratories without any instructions other than the directions. These essential characteristics form the criteria that a method must meet to be considered äs a candidate reference method for the measurement of lipids, lipoproteins, and apolipoproteins in serum or other body fluids.
Total Cholesterol Reference Method
In 1975, the Cholesterol Reference Method Study Group of the American Associätion for Clinical Chemistry (AACC) invited the CDC to .develop-a candidate total cholesterol reference method. During the five-year develöpment pefiod (1977) (1978) (1979) (1980) (1981) (1982) , five Potential candidate methods were selected, optimized, and compared. The top two methods (Abell-LevyBrodie-^-Kendall (5) and an enzymic procedure) were selected on the basis of these studies, and were then compared with the NIST-developed Isotope dilutionmass spectrometric definitive method (4) . On the basis of these comparisons, the American Associätion for Clinical Chemistry Cholesterol Reference Method Study Group selected the Abell^ Levy-Brodle-Ken-dall method äs the recommended total cholesterol reference method (5). The Abell-Levy -BrodieKendall method was next subjected to extensive validation studies (6) and a transferability study with 14 collaborating lipid laboratories throughout the United States (7). The transferability study demonstrated that the recommended reference method permits laboratories to attain a coefficient of Variation (CV) of less than 1.5% within the laboratory and CV of less than 3.0% among the 14 laboratories. The mean percent bias value of the 14 laboratories compared with that of the CDC was less than l % for six of the 14 laboratories, less than 1.5% for 12, and less than 3% for all 14 laboratories (7). Interestingly, a preliminary readiness testing and competence evaluation predicted the quality of analytical performance exhibited during the transferability testing.
The total cholesterol reference method procedure in-| cludes the following steps: a 0.5-ml sample in 20 g/l | alcoholic KOH undergoes hydrolysis at 50 °C for l h; ! the hydrolysate is extracted with hexane by vigorous ; shaking at 25 °C for 15 min; an aliquot of hexane is 1 evaporated in a vacuum oven at 55 °C; colour is developed by reaction with a reagent formed from 20 parts acetic anhydride, l part H 2 SO 4 , and 10 parts glacial acetic acid at 25 °C for exactly 30 min; and an absorbance reading is taken at 620 nm in a flowthrough cuvette.
Calibration is performed with NIST pure cholesterol Standard reference material 911b (6) . Since 1978, analytical performance of the total cholesterol reference method at CDC has exhibited a CV of less than l % and a bias rarely above 1% on frozen serum pools (tab. 1). The NCCLS's National Reference System for the Clinical Laboratory Council has adopted the CDC reference method äs its national reference method for cholesterol (19) . The National Reference System for the Clinical Laboratory Council has designated the NIST definitive method, the CDC reference method, the NIST certified pure cholesterol SRM 911, and the CDC^certified serum-based secondary reference materials äs the components of the National Reference System for Cholesterol (3).
The National Reference Method Laboratory Network has been formed by CDC to provide resources for acourate calibration of manufacturers' total cholesterol analytical diagnostic products and accurate confirmatory analysis for clinical laboratories (2) . Calibration with fresh specimens has been necessary for some of the new total cholesterol reagent analytical Systems that exhibit matrix effects with liquid, frozen, or lyophilized reference materials. The protocol used by the Network utilizes the NCCLS recommendation on procedure for comparison of methods using fresh patient specimens (20 This CDC in-house triacylglycerol reference method has been designated äs the Interim triacylglycerol candidate reference method for the National Reference System and serves äs the selected reference method for the CDC-maintained accuracy base for the CDCNational Heart, Lung, and Blood Institute Lipid Standardization Programme and for the dedicated laboratories of National Heart, Lung, and Blood Institute clinical and epidemiologic cardiovascular iiivestigations and trials.
Interim HDL Cholesterol Reference Method
A CDC in-house HDL cholesterol reference method combines removal of very low density lipoprotein cholesterol (VLDL) by the Beta Quan ultracentrifugal procedure (25) , isolation of HDL cholesterol by precipitation of LDL cholesterol from the l .006 kg/l Beta Quan bottom fraction by 46 mmol/1 manganese and 1.3 g/l heparin reagent (25) , and cholesterol analysis of the HDL cholesterol supernate by the National Reference System for Cholesterol total cholesterol reference method (6, 7) . The primary Standard is NIST cholesterol SRM 911 (8) , and it must cover the low ränge öf serum HDL cholesterol values, which is different from the ränge of serum total cholesterol. HDL cholesterol measurements are monitored with both pure cholesterol and frözen, fresh serum secondary Standards. Precision for the CDC in-house HDL cholesterol reference method on low cholesterol prl· mary Standards is between 1% and 2% CV, and on frözen serum secondary reference niaterials, it is between 2.5% and 4% (tab. 3). True bias is not known because a definitive inethod is not available for HDL cholesterol measuremeiits. , * (25) .
The major problems with the interim HDL cholesterol reference method are that it has 1) nö definitive method,
2) no accepted primary Standard, and
3) questionable traceability to clinical and research laboratory methods that possess matrix effects.
CDC In-House Apolipoprotein B Radioimmunoassay Method
A competitive radioimmunoassay (RIA) method has been selected and is being evaluated äs an interim apolipoprotein B reference method for use in the International Apolipoprotein Standardization Programme conducted by CDC. To conduct this immunoassay, a l: 100 dilution of sample is incubated with goat anti-LDL antibody at 37 °C for l h in the presence of cholate and bovine serum albumin; iodinated LDL is added, and the solution is further incubated at 4 °C for 16h; donkey anti-anti-LDL second antibody is added, and the solution is incubated at 4 °C for 3 h in the presence of polyethyleneglycol; centrifugation is conducted at 2500 min"" 1 for 20 min; the supernant is decanted with blotting; and radioactivity of precipitate is counted. The primary Standard is an LDL solution ultracentrifugally prepared at 1.030 -l .050 kg/l (27) . The results are calculated from bound/ free ratio counts per minute versus log concentration within the ränge of 0.25 -2.00 g/l of apolipoprotein B. This method has an intrassay variability of about 2% CV and an interassay of less than 6% CV. True bias is not known since a definitive method is not available for apolipoprotein B measurements.
Major problems exist inherently in any potential immunological reference method for apolipoprotein B measurements. Immunoassays require sensitivity and specificity of antisera, highly accurate dilutions, linear and parallel dose-response curves, and reproducible preparations of primary Standards. Reported amonglaboratory Variation within the methods can have an average CV of between 20% and 25% for apolipoprotein B (28) . The proposed (at 1.030-1.050 kg/l ultracentrifugally prepared) LDL primary Standard provides an LDL preparation with decreased IDL and Lp(a) but shows limited immunological stability and uncertainty in protein analysis (29) . Tracing an apolipoprotein B reference method to clinical and research apolipoprotein B immunochemical methods is difficult because of large matrix effects of reference materials in certain methods (28, 30) .
During 1990, the IFCC Committee on Apolipoproteins and manufacturers of apolipoprotein diagnostic products are evalüating potential stabilized liquid serum reference materials for use äs apolipoprotein B secondary serum Standards. These materials, along with frozen serum pools stored at -70 °C, will be used in Standardization programmes of manufacturers' apolipoprotein B diagnostic products. Difficulties and current recommendations on the Standardization of apolipoprotein B measurements have been thoroughly discussed in recent publications (31 -33) .
CDC In-House Apolipoprotein A-l Reference Method
A competitive RIA method, developed for use äs a CDC in-house reference method for apolipoprotein A-l, is similar to the method developed for apolipoprotein B. The apolipoprotein A-l RIA method utilizes goat polyclonal anti-apolipoprotein A-l antiserum, and solid phase lactoperoxidase for the iodination of purified apolipoprotein A-l. The apolipoprotein A-l primary Standard is a freshly prepared, liquid, delipidated, purified preparation, confirmed for purity by amino acid analysis. The Standard dis-placement curve ranges between 0.50 and 2.0 g/l where serum samples are diluted l: 100 in one Step. Precision measurements give an intra-assay CV of about 2%, and an inter-assay CV of less than 6%. Tracing clinical methods to a reference method for apolipoprotein A-l should not be difficult since among-method source of Variation is negligible for apolipoprotein Α-Ι measurements (28).
A lyophilized, purified, and delipidated proposed apolipoprotein A-l primary Standard is currently being evaluated by the European Cummunity Bureau of Reference in Br ssels and the IFCC Committee on Apolipoproteins. Manufacturers of apolipoprotein diagnostic products and this IFCC committee are collaborating to develop a commutable lyophilized apolipoprotein A-l serum secondary Standard. This project seeks to gain comparability of results among commercial apolipoprotein A-l diagnostic products. The CDC is supporting this effort by analysing these reference materials with the RIA method and studying Potential primary Standards and their problems.
Conclusions -r
A reference method has been developed for total cholesterol for national and international reference Systems. Interim reference methods are being used for triacylglycerol, HDL cholesterol and LDL cholesterol measurements. Potential candidate reference methods are being developed and evaluated for apolipoprotein Α-Λ and B measurements by different apolipoprotein investig tors. Continuing worldwide efforts to improve the methodology should lead to an accepted international accuracy base for the clinically useful lipid, lipoprotein, and apolipoprotein measurements.
